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Introduction
Maize (Zea mays L.) is considered as the third most important cereal crop after wheat and rice around the world, it covers 4.8% of the total cropped area and attributes 3.5% of the global agricultural crop output Deryng et al., 2014) . Some of the challenges that influence the productivity and the expansion of the maize cultivation in a semiarid region are caused by water deficit and shortage in water availability, the yield of different crops reaches the maximum value with evapotranspiration (ETm), therefore an actual yield (Ya) matches with an actual evapotranspiration (ETa) (Nacharchi et al., 2011) . Drought tolerance consists of ability of crop for growth and production under water deficit conditions. A long-term drought stress effects on plant metabolic reactions associates with, plant growth stage, water storage capacity of the soil and physiological aspects of plant. Crop response to the limited water condition is important for adjusting the relationship between grain yield and efficient irrigation systems to evaluate crop performance under water deficit condition (Carvalho et al., 2016; Irandoust and Bijanzadeh, 2017) .
The yield response factor (Ky) is a factor that describes the reduction in relative yield according to the reduction in ETc caused by a soil water shortage, the response of a crop to its soil moisture environment is quantified through Ky (Greaves and Wang, 2017) , the values of Ky are crop specific and may vary over the growing season (Steduto et al., 2012) . Usually, the decrease in yield due to water deficit during the vegetative and ripening period is relatively small, while during the flowering and yield formation periods it will be large. Values for Ky for individual growth periods and for the complete growing season have been included in the FAO Irrigation and Drainage Paper No 33. The importance of the yield response factor is to determine the efficiency of water use and crop productivity, which is founded on the relative yield loss of any crop to the relative reduction of water requirements, differences in actual evapotranspiration and the crop response factor which usually vary according to crop growing conditions. The average Ky value founded by previous researchers (Najarchi et al., 2011) was higher than the previous reported values, thus, the reductions in yield under effect of deficit irrigation are higher than those reported by FAO (Doorenbos and Kassam, 1979) . Enormous distinction of Ky value for maize resulted from variation in environmental effects and growth patterns were represented in the previous research, there was deviation from finding of Doorenbos and Kassam (1979) , whom they determined ky value for maize 1.25, while other researchers documented 2.15 for sensitive genotypes and 1.56 for water deficit resistance genotypes, as well the different values of ky 1.58 and 1.50 were showed with stress condition at tasseling or silking and post silking stage, however the ky value for those growing stages were 0.40, 1.50, and 0.50 found by Doorenbos and Kassam (1979) .
Drought indices clarify the effect of drought on the yield forfeiture comparing with the yield under no stress condition has been used for drought tolerance checking (Mitra,2001) . To evaluate response of plant genotypes to drought stress, some selection indices based on a mathematical relation between stress-and optimum conditions has been proposed. Moghaddam et al. (2002) found Stress Tolerant Index (STI) was more useful in order to select favourable corn cultivars under stressful and stress-free conditions, however the greater TOL value indicate to larger grain yield reduction under stress condition, whereas lowest TOL indicate to lower grain yield reduction under stress condition. Khalili et al. (2004) showed that based on Geometric Mean Productivity (GMP) and STI indices, corn hybrids with high yield in both stress and non-stress environments can be selected. Talebi et al. (2009) concluded that GMP and STI were able to discriminate tolerant genotypes under stress conditions, their results indicated that there was a positive and significant correlation among Yp and (MP, GMP and STI) and Ys and (MP, GMP and STI) and they hence were better predictors of Yp and Ys than TOL. There was indication of significant correlation between MP, STI, and GMP with the yield at both non-stress and stress conditions (Zare, 2012) .
Thus, the objective of this study was the evaluation of yield response factor and the efficiency and profitability of different selection indices in the identification of maize hybrids, which are compatible with stressful and optimal conditions, to achieve hybrids that can tolerate water deficit condition especially at sensitive growth stages.
Materials and methods
Six maize hybrids were evaluated in the investigation includes Medium 791, Btaris, Cantabpis, Fajr 260, Es-Solito 655, and Dhqan. All hybrids were produced from College of Agriculture, the University of Kurdistan, Sianandaj-Iran. The study was conducted during the summer season of 2016 at the Qlyasan Research Station, College of Agricultural Sciences, University of Sulaimani/KRG-Iraq (35° 34' 19" N 45° 22' 1.6" E with altitude of 754 m.a.s.l). The experiment was laid out in a split plot design in which water deficit levels will be in the main plots and each treatment was replicated three times. Each replication was divided into four main plots with different schedules irrigation. The six hybrids were randomly distributed within the sub-plots. Four irrigation treatments were used as well Irrigation (I1), deficit irrigation during the vegetative period (I2), reproductive period (I3) and both of them (I4). A net plot size of 4 m × 10.2 m was kept. The crop was sown during the first week of Jully in rows 70 cm apart and 25 cm between plants. In order to prevent the lateral spread of water plots a distance of 2 m between plots was left bare. Phosphorus fertilizer, as triple super phosphate, was applied before sowing time with rate of 150 kg ha -1 . The nitrogen fertilizer, as urea 46% N, was applied by two doses, the first one was applied at the seedling stage and the second application was on tasseling stage. All other agricultural practices were behaving as required. The yield response factor (Ky) was calculated, for determining the responses of maize hybrids to the effect of water deficit, a simple, linear crop-water production function was introduced in the FAO Irrigation and Drainage Paper No 33 (Steduto et al., 2012) to predict the reduction in crop yield when crop stress was caused by a shortage of soil water: [ In the crop coefficient approach the crop evapotranspiration, ETc, is calculated by multiplying the reference crop evapotranspiration, ETo, by a crop coefficient, Kc The adjusted Crop Coefficient, or stress, crop coefficient (Ks) which describes the effect of water stress on crop transpiration was quantified for determining the exact effect of the soil water stress on the crop transpiration in water deficit treatments, the incorporation of the effect of water stress into crop coefficient (Kc) was determined as:
Where is the = stress, crop coefficient [dimensionless], Etc = crop evapotranspiration [mm d -1 ] . Where θi -1 = the average soil, water content for the effective root zone [mm] .
Where p = average fraction of Total Available Soil Water (TAW) that can be depleted from the root zone before moisture stress.
The studied drought resistance indices were calculated by using the following relationships in Table 1 : The software JMP version 13 and XLSTAT version 16 were used for statistical analysis like one-way analysis of variance and LSD test at the 5% level. The principal component analysis (PCA) Eriksson et al. (1999) was determined to assess the relationship between the variables. Depending on the means of stress indices characters, the dendrogram was produced by using the Euclidean distances and unweighted pairgroup method with the arithmetic mean (UPGMA) analysis method.
Results and discussion
Water stress may be induced under the effect of lower water supply and the evapotranspiration will drop below the standard crop evapotranspiration, ETc., The reduction in the value of crop coefficients under water deficit conditions is determined using the stress crop coefficient Ks (calculated with Eq. 5). Table 1 demonstrates the adjusted crop evapotranspiration ETc adj. (Calculated with the Eq. 2) For water deficit treatments include I2, I3, and I4 as well adjusted crop coefficient (Ks x Kc), because the modification of vegetation and ground cover mean that the crop coefficient Kc varies during the growing period as well with influence of water deficit levels (Payero et al., 2008; Allen et al., 2017) . In order to determining the yield response factor of maize hybrids under influence of well irrigation as well water deficit levels, the adjusted evapotranspiration was used, the stress crop coefficient that calculated for different growth stages of six maize hybrids were declined from 0.7, to 0.49, for irrigation levels, I2, I3, and I4 respectively during initial stage, and from 1.2, to 0.6, for rapid growth stage and from 1.2, to 0.528, for mid season stage and for the late season stage it declined from 0.6 to 0.204. The calculation of adjusted evapotranspiration was done in accordance with adjusted Kc (Kc x Ks). The adjusted crop evapotranspirations were used in calculating the yield response factor Ky of the maize hybrids in different growth stages and demonstrated in Table 2 , the variation between adjusted evapotranspiration and actual evapotranspiration has created under influence of higher reference evapotranspiration, similar results were documented by (Kuscu et al., 2013) . 
Yield response factor (Ky)
The effect of water deficit levels represented as I1, I2, I3, and I4 on the kernel yield of six maize hybrids indicated to decrease in yield with decreasing the water availability, there were variation in the values of yield response factor Ky which indicate to the sensitivity of maize to water stress, and there were differences in the effect of water deficit between the growth stages across the growing season (Dijaman et al., 2013) . Table 3 demonstrate the values of Ky of six maize hybrids in four growth stages include initial stage, rapid growth stage, mid-season stage, and the late season stage, the schedule of the water deficit treatments was varied according to the severity of the water shortage as well the sensitivity of the growth stages, the water deficit treatment during the initial and rapid growth stages were with I2 and I4 only, the response of all maize hybrids through Ky values under effect of I2 were greater than 1 except the hybrids H3 and H4 showing (0.843 and 0.616) respectively, demonstrating less sensitivity to water deficit decrease, while Ky of all hybrids were indicated to greater values with the influence of I4 than that was obtained with the effect of I2 by (24.226%, 30.8%, 44.5%, 42.6%, 28.8%, and 28.8%) for (H1, H2, H3, H4, H5, and H6) respectively, demonstrating the greater effect of the water deficit condition created with the effect of I4 due to decreasing in the kernel yield of six maize hybrids, the most sensitive hybrid in initial and rapid growth stages was shown with response of H5, showed Ky value of 1.653 and 2.32. The Ky value of all hybrids during the mid season with the influence of the levels I3 and I4, the comparative between the Ky value in this stage of tasseling and silking which is sensitive to stress and that obtained by FAO was greater with variation between maize hybrids that expanded from 0.472 of H3 to 1.306 for H6, Ky values of all hybrids in the late season under the impact of the I4 level revealed a higher sensitivity of maize hybrids except the hybrid H4, in the late season the lower values of Ky were taken out for all hybrids with the effect of I3 and I4 with specificity to H3 and H4 that they manifested Ky values (0.4, 0.65 and 0.469, 0.487) respectively, the results of late season were close to the finding of Doorenbos and Kassam (1979) . The higher water potential of the air during the growing season of maize in the region resulted the differences of Ky value in comparison with the finding of previous researchers include that obtained by FAO are in agreement with results of Doorenbos and Kassam (1994) 
Stress indices
The results of analyses of variance demonstrated significant differences among maize hybrids for kernel yield under well irrigation and water stress conditions (YPi and Ysi) and for the investigated drought related indices which were presented in Table 4 . High yield value in non-stress (Ypi) and stress conditions (Ysi) was exhibited by hybrid Medium 791, displaying (7.267 ton ha -1 ) and (4.058 ton ha -1 ) respectively. While low yield value in non-stress and stress conditions was exhibited by hybrids Fajr 260 with (2.748 ton ha -1 ) and Dhqan (1.044 ton ha -1 ) respectively. The maximum value of STI (1.633), MP (5.662) and GMP (5.370) indices was by hybrid Medium 791. In addition, the highest value for TOL (3.641 ton ha -1 ) was from hybrid Medium 791. Thus, the hybrid Medium 791 had a desirable yield in all conditions and hence it is recommendable in a semiarid conditions, results are similar to that obtained by previous researchers as Rosielle and Humblin (1981) , Fernandez (1992) and Dijaman et al. (2013) . Table 4 Ypi: Yield of a given hybrid in optimal conditions. Ysi1: Yield of a given hybrid in stress conditions (in vegetative period). Ysi2: Yield of a given hybrid in stress conditions (in reproductive period). Ysi3: Yield of a given hybrid in stress conditions (in vegetative & reproductive period). STI: stress tolerance index. TOL: tolerance index. MP: mean productivity. GMP: geometric mean productivity
. Means and selection indices for grain yield (ton ha -1 ) of six maize hybrids evaluated under stress and non-stress condition
The results of analyses of variance for the investigated drought related indices were presented in Table 5 . Significant differences were found for all stress indices, The performance of six maize hybrids with stress indices showed significant differences among all hybrids that evaluated under stress and non-stress conditions. The H1 showed the highest value of STI with 1.426 indicating to high yield potential and higher stress tolerance, and minimum value of H4 Fajr260 was 0.288, the highest value of TOL was obtained by H1 (medium 791) revealing 3.694 demonstrating greater reduction in grain yield under water deficit condition, while the minimum value of TOL manifested with http://www.aloki.hu • The biplot analysis (Fig. 1) is required to identify the best performance hybrids for both stress and non-stress conditions. The principle component analysis (PCA) converts the variables to the independent combinations. These principle components formed 100% of the total variation among maize hybrids. The two principal components PC1 and PC2 revealed 99.40% of the original phenotypic variation. The value of the contribution of first and second components was 94.29 and 5.11%, respectively. Regarding the distribution of indices and hybrids on PCA plot, the indices or hybrids that were subsisting away from the centre of the plot in the positive trends of distinct traits demonstrated their best performance, whereas; the indices or hybrids that were out most from the centre of the plot in the negative orientation of traits displayed their weak performance (Fig. 1) . The most important component, PC1, was positively and negatively influenced by indices: STI, MP, GMP, and TOL. The second PCA accounted for 5.11% of all variations. The maize hybrids showed a wide variability in phenotypic traits among them. Four groups of maize hybrids with different genetic constituents were highlighted on scatter plot: the first group composed of H1. The second group included H2 and the third group composed H3 and H4, whereas the fourth groups contained H5 and H6, respectively. On the other hand, the results of some stress indices (STI, GMP, MP, and YI) for H1 hybrid were opposite to those recorded for H6 hybrid. As shown in PCA biplot, the highest values of GMP, MP, STI and YI were recorded by H1 hybrid signalizing that genotypes with larger PCA1 and lower PCA2 scores gave high yields (Darvishzadeh et al., 2010; Khodarahmpour et al., 2011) . This result indicates that H1 hybrid was the most tolerant hybrid, whereas, the hybrids: H5 and H6 were the most susceptible hybrids. H3 and H4 hybrids shared common indices.
Cluster analysis for the six maize hybrids was behaving to identify a cluster grouping based on kernel yield under effect of water deficit and full irrigation, the results manifested four major groups of maize hybrids with different genetic constituents were highlighted in the scatter plot, the first group was implicated the hybrid (Medium 791), however the second group included Btaris only. The third group composed of (Cantabpis and Fajr 260), whereas the last group composed of two different hybrids (Es-Solito 655 and Dhqan) (Fig. 2) . The results displayed the existence of variability among the maize hybrids involved in the study, On the other hand, the results of drought resistance indices variation of some traits of Medium 791 hybrid were inversely related to those recorded for Dhqan hybrid, our results are in agreement with those of Bouslama and Schapaugh (1984) , Anwer et al. (2011) and Khalili et al. (2012) . The results of the cluster analysis, and yield response factor (Ky) and stress indices of six maize hybrids were corresponded due to maize hybrid performance. 
